Background/objectives: This study investigated the craniofacial morphology of young individuals with congenital or childhood onset myotonic dystrophy type 1 (DM1) compared to healthy subjects. The study also followed growth changes in their facial morphology over a 5-year period. Materials/methods: Lateral cephalograms of the 26 subjects (young patients with DM1 from west and south Sweden) were taken at baseline and after a 5-year period. These radiographs were compared with normal standards based on healthy individuals from the Michigan Growth Study, according to their age and sex, using paired t-tests (P < 0.05). Results: On examination of initial radiographic measurements, patients with DM1 showed, in the sagittal plane, larger ANB and smaller SNPg angles. Analysis of the vertical plane showed the mandibular plane angle (ML-NSL) and the intermaxillary angle (ML-NL) to be larger. During the 5-year follow-up period, the intermaxillary angle (ML-NL) remained the same in the group with DM1 whereas this angle decreased in healthy individuals. Limitations: For ethical reasons, historical cephalometric norms were used to compare the growth and the craniofacial morphology of patients with DM1. Conclusions/implications: Young patients with DM1 had already from the beginning a more retrognathic profile and hyperdivergent skeletal aberration with a steep mandibular plane and large intermaxillary angle when compared with healthy individuals. The intermaxillary angle did not decrease during the observation period, contrary to what was observed in healthy individuals.
Introduction
Myotonic dystrophy type 1 (Dystrophia Myotonica, DM1) is the most common form of muscular dystrophy among Caucasians, affecting approximately 1 out of 20 000 live male and female births. This condition is seen equally in both sexes and has an autosomal dominant inheritance (1) . DM1 is a multisystemic disorder caused by an expansion of a CTG trinucleotide repeat in the 3ʹ untranslated region of the dystrophia myotonica protein kinase (DMPK) gene on chromosome 19q13.3 (2) . Disease expression consists of cardiomyopathy, myotonia and weakness and wasting of distal limb and
The most serious forms of the disease are congenital and childhood onset (4) . Life expectancy of these patients depends on the severity of the disease, ranging from 45 years in more severe cases to normal life span among mild cases (1) .
Orofacial characteristics of adult patients suffering from DM1 are atrophy and degeneration of the masticatory muscles, reducing the activity of affected patients both at maximal and functional level (5) (6) (7) . The effect on these muscles varies greatly between individuals and may depend on the severity of the disease (7) . The facial appearance of adult patients with DM1 is characteristic of the disease and easily identifiable, arising as a consequence of facial and jaw muscle weakness (4, 5, 8) .
Muscle weakness may have various negative consequences for oral function and dental health in children suffering from DM1 (9) (10) (11) (12) (13) (14) . Furthermore, the prevalence of malocclusions and vertical craniofacial morphology aberrations was found to be higher for adult patients suffering from DM1 in comparison to healthy subjects. The patients exhibit a retrognathic profile, a large intermaxillary angle and a steep mandibular plane. These characteristics may result from the effect of the disease on the orofacial muscles (5). It is known that craniofacial morphology and oral function are closely interrelated since muscle function exerts an influence on craniofacial growth (15) . However, there is currently little information on the craniofacial growth pattern leading to the characteristic vertical morphologic discrepancy observed in adult patients suffering from DM1. It is tempting to hypothesize that the typical craniofacial morphology may already be present in children and adolescents diagnosed with congenital or early onset types of this pathology and that these characteristics may become more pronounced with growth. Therefore, the aim of this study was to determine the craniofacial morphology of young individuals with congenital or early onset DM1 compared to healthy subjects, and to follow the evolution of these characteristics over a 5-year period.
Materials (or subjects) and methods

Subjects
Data collected for this study was taken from a group of 26 patients (14 females and 12 males) diagnosed with DM1 confirmed by DNA analysis of blood samples. This group represented almost all young patients diagnosed with DM1 from west and south regions of Sweden (counties of Västra Götaland and Skåne). Patients were between 4.6 and 14.7 years old with a mean age of 8.6 years. All patients had either congenital or childhood DM1. Comparison was made with the 'normal values' from the Michigan Growth Study sample, based on healthy individuals, used as controls in respect to age and sex (16) . Every single patient was compared with the corresponding normal standards from the Michigan Growth Study. This study forms part of a larger multidisciplinary study that was approved by the Ethical Committee of the Medical Faculty of Göteborg University (DN no. Ö410-03). Informed consent was obtained from each participant and/or the parents.
Methods
All children were examined clinically and a baseline lateral cephalogram was taken, followed by a second lateral cephalogram after an interval of approximately 5 years. Their craniofacial morphology was analyzed using the Bergen cephalometric analysis (17) (Figure 1 ). One evaluator (CF) identified the anatomic landmarks, traced manually all the radiographs and made the cephalometric measurements, also manually, on the tracings. A calibration process was completed with the senior author (SK) prior to data collection.
The mean values and standard deviation were calculated for the cephalometric measurements at baseline and after 5 years. The measurements of each individual were compared to values from healthy individuals of the same age and sex, retrieved from the Michigan Growth Study (16) .
Given the heterogeneity of the data concerning the age and sex of the patients, an attempt was made to homogenize the data by calculating a score for each patient, based on how their data related to the normal population. A 'standard deviation score' was calculated for every measurement of each individual, indicating how much the individual's measure was deviating from the population mean (18) . This calculation is performed as follows:
Standard deviation score of individual measurement = (indivi idual specific measurement population mean of specific m − e easurement) population standard deviation of specific mea ( s surement).
The 'standard deviation score' was an important tool to assess longitudinally the patient's sample and to better understand their changes during growth. A difference equal or more than 0.5 'standard deviation score' between baseline and 5 years was considered to be a significant change.
Statistical methods
IBM SPSS Statistics version 21
.0 was used to analyze the data. Descriptive statistics were used to provide a characterization of the sample. Paired samples t-tests were performed after establishing the normality of the data using the Shapiro-Wilk test. The DM1 patient data was thereby compared with the reference values via paired samples t-tests. Paired samples t-tests were chosen over independent samples t-tests since there was a matching of DM1 patients with their corresponding mean normal standards, based on age and sex. For this reason, the two samples cannot be considered independent. The statistical level of significance was considered 5%.
Error of the methods
In order to evaluate the error of the method, 20 radiographs were randomly chosen, landmarks were identified twice and cephalograms were also traced and measured twice. The second measurement was made three weeks after the first one. The systematic error was assessed by performing one-sample t-tests for each measurement (19, 20) . The great majority of the t-test results were non-significant, which attests for a low systematic error, with the exception of (isais)-(ia-iia), P = 0.028. The random error of the measurement (Se) was evaluated using the Dahlberg's formula (Se = √(Σd 2 /2N), where d is the difference between the first and second recordings and N is the number of double determinations (21) . We found that the error for angular cephalometric measurements did not exceed 1 degree, except those involving lower incisors, namely the (isa-is)-(ia-iia) and (iia-ii)-NB angles. The calculation of both of these measurements involved an error of method not exceeding 2.9 degrees.
Results
When comparing baseline values from patients with DM1 with reference values of healthy individuals, we found significant differences in the sagittal and vertical planes. Considering the sagittal plane, the ANB angle was larger in DM1 and the SNPg angle was smaller. Looking at the vertical plane, patients with DM1 had a larger mandibular plane angle (ML-NSL) and a larger intermaxillary angle (ML-NL) than the reference value for healthy individuals. Patients with DM1 also had more retroclined upper incisors, (isa-is)-NA, and more proclined lower incisors, (iia-ii)-NB. The NSBa angle was also smaller in DM1 patients than in the norms, though it did not reach statistical significant level (Table 1) .
At the 5-year observation period, a similar pattern of the cephalometric measurements was observed when compared to the baseline. In the sagittal plane, the ANB angle was larger in DM1 and the SNPg angle was smaller. Considering the vertical plane, patients with DM1 had a larger mandibular plane angle (ML-NSL) and a larger intermaxillary angle (ML-NL) than the reference value for healthy individuals. In the same occasion, a significant difference was found for the anterior cranial base angle (NSBa), which was smaller in DM1 patients. Patients with DM1 also showed a smaller interincisal angle, (isa-is)-(is-iia), when compared to the reference values based on unaffected individuals. However, at this second evaluation point, there were no significant differences concerning the upper incisor proclination, (isa-is)-NA ( Table 1) .
The changes related to growth over the 5-year period were evaluated by comparing the differences between the 'standard deviation scores' at baseline and 5 years period. A difference of at least 0.5 'standard deviation score' was found for the mandibular plane angle (ML-NSL), which increased from 0.9 to 1.4, as well as for the intermaxillary angle (ML-NL), which increased from 0.8 to 1.4. These significant differences were found between the patients with DM1 and the healthy population reference values evaluating the measures in the vertical plane. This was due to the decrease in the angles expressing the vertical relation seen over 5 years in the reference values for unaffected subjects. In contrast to what has been observed in the healthy subjects, these angles remained unchanged over the same period for patients with DM1.
Discussion
This study has demonstrated that young patients with congenital or childhood onset DM1 exhibit already from the beginning a different craniofacial morphology and an abnormal growth pattern compared to the norms of healthy individuals. More specifically, it was found that the patients with DM1 had a sagittal skeletal discrepancy Table 1 . Comparisons of cephalometric variables between patients with DM1 and normal standards of healthy individuals from The Michigan Growth Study (15) , at baseline (T1) and at 5 years observation period (T2). SD Score = (individual specific measurement -population mean of specific measurement) (population standard deviation of specific measurement).
T1 T2 Absolute values
Sig. with a more retrognathic mandible. Considering the vertical plane, the patients with DM1 were found to have a hyperdivergent facial morphology with an increased mandibular plane angle and a larger intermaxillary angle. These observations have been made for patients with DM1 at an early stage and did not improve with growth as observed in healthy individuals from the Michigan Growth Study. These results are consistent with previous studies examining adults with DM1, indicating that their facial morphology is established early in life (5, 22) . The mean value for the intermaxillary angle remained unchanged over a 5-year period in patients with DM1, but decreased among healthy individuals. This decrease in intermaxillary angle is representative of a normal anterior growth pattern, as it was found in the reference values of the Michigan Growth Studies (16), as well as in other growth studies of Scandinavian healthy individuals (23, 24) . However, such a decrease of the intermaxillary angle was not observed in the patients with DM1 examined in our study. In contrast to the expected decrease in the intermaxillary angle, patients with DM1 exhibit a large intermaxillary angle from a very early age, which remains unchanged over time.
SD
The present study found also that the anterior cranial base angle was smaller in patients with DM1 in comparison to healthy individuals from the Michigan Growth study. A possible explanation is that the DM1 patients have a posterior tilted head posture that resembles the one usually observed in mouth breathers and this is in line with a previous findings that patients with a mouth breathing pattern have a smaller anterior cranial base angle (NSBa) (25) .
It is important to mention that a large standard deviation is observed in the DM1 group. This large SD of the measurements may be due to a big variability on the severity of the disease in the DM1 group. The severity of the disease may influence the craniofacial morphology differently. The largest SDs were observed in the SNPg and in the intermaxillary angle.
The craniofacial characteristics in DM1 are possibly related to the weakness of the masticatory muscles, which seem to have negative consequences for oral function and dental health in patients with DM1 (13) . Patients with this pathology may also have deterioration in masticatory function and their diet may need to be adapted (26) . A review article looking at craniofacial and oral characteristics for populations suffering from neuromuscular diseases concluded that DM1 patients have a higher prevalence of malocclusions compared to the general population (27) . It is thought that the development of malocclusions in patients suffering from DM1 may be strongly related to a vertical aberration in craniofacial growth caused by the masticatory muscles and the suprahyoid musculature affected by the disease, tilting the head in a posterior position. It has been hypothesized that the weak facial musculature present in DM1 may lead to the lowering of the mandible and tongue, exerting less occlusal forces on the posterior teeth during shorter occlusal periods. This may lead to overeruption of posterior teeth, resulting in deep palatal vault, decreased palatal width, posterior crossbite and anterior open bite, as found in a previous study (5) , and causing an increase in the intermaxillary angle as is found in the present study, too. Due to the fact that the disease may influence the individuals in an early stage, in certain cases the vertical aberration in craniofacial morphology may be one of the initial signs of the disease.
It is important to mention that not all patients with muscular dystrophies show the same craniofacial morphology changes. When comparing patients with DM1 and patients with Duchenne muscular dystrophy (DMD), the latter show a high prevalence of malocclusions, including posterior crossbites, due to wider lower arches;
anterior and lateral open bites and a tendency towards mesioocclusion due to a skeletal class III malocclusion. In contrast, DMD patients do not have significant skeletal vertical deviations (28, 29) . Patients with DMD also show growth changes when compared to healthy individuals, different from the ones seen in DM1 patients. DMD patients show a straight down and forward mandibular growth direction until approximately 16 years of age and, from that moment, a vector of growth is apparent, resulting in a tendency towards a clockwise rotation of the mandible especially in young patients (30) . Although both pathologies are characterized by muscular weakness, patients with DM1 present posterior crossbite due to the narrow maxillary arch. Contrastingly, the posterior crossbite in DMD is due to the transversal expansion of the mandibular arch, which is caused by the decreased tonus of the masseter muscle near the molars, together with the enlarged hypotonic tongue and the predominantly less affected orbicularis oris muscle (27) .
The strength of the present study rests in the data collection involving almost the entire population of patients diagnosed with DM1 from the west and south regions of Sweden, that have been followed for 5 years. However, a limitation of our study is the lack of own healthy matched control group, which would have been the ideal methodology for a controlled study. This was not possible to include in this occasion, due to ethical issues. Therefore, the data used for comparison were obtained from a historic control on healthy individuals (Michigan Growth Study) (16) . This reference group, although not composed by Swedish subjects, was selected due to the availability of information on cephalometric values for both sexes at different ages.
In conclusion, the present study has shown that young patients with congenital or childhood onset DM1 exhibit already at an early stage altered craniofacial morphology which does not improve during growth when compared to reference values of unaffected healthy individuals. The morphologic differences are characterized by a retrognathic facial profile, a hyperdivergent skeletal aberration involving a large intermaxillary angle and a steep mandibular plane. The DM1 patients' growth pattern differs to the one of healthy controls in respect to an unchanged intermaxillary angle, contrary to an anterior mandibular rotation in healthy individuals.
